ABSTRACT In southeastern China, the invasion of the nipa palm hispid Octodonta nipae (Maulik) (Coleoptera: Chrysomelidae) results in devastating damage to palms. 
The nipa palm hispid, Octodonta nipae (Maulik) (Coleoptera: Chrysomelidae), native to Malaysia (Sun et al. 2003) and Þrst described from Peninsular Malaysia (Maulik 1937 , Kimoto 2000 , is one of the most important pests of palms in Southeast Asia. In China, this hispid beetle was Þrst reported in 2001 from a forest nursery in Hainan Province (Sun et al. 2003 , Zhang 2003 ; soon afterwards, in 2007, this beetle was found in Fujian Province (Hou and Weng 2010) . In 2009, this beetle was found in Cyprus (Vassiliou et al. 2011) . The damage to palms by O. nipae is caused by attacks on the central unopened fronds by both adults and larvae; leaßets of younger (central) fronds appear withered, gray brown and with rolled edges, which can result in stunted plant growth and even tree death (Kalshoven 1981 , Hou and Weng 2010 , Vassiliou et al. 2011 . This beetle has been observed to have devastating effects on native palms in South China, and the local government carried out a prompt eradication program with chemical insecticides (such as carbaryl, chlorpyrifos, trichlorphon, etc.) or destruction of infected plants (Sun et al. 2003 . There have been reports on the distribution of O. nipae (Steiner 2001 , Zhang 2003 , Vassiliou et al. 2011 , on the effects of temperature and host plants on its development and fecundity (Hou and Weng 2010 , Yu et al. 2009 , Xi et al. 2013 , on pathogenicity by Metarhizium (Xu et al. 2011) , and on its natural enemies (Howard et al. 2001 , Rethinam and Singh 2007 , Tang et al. 2014 , but information on the biology, ecology, behavior, and management of this beetle is very scarce.
According to previous studies, 15 genera of four subfamilies belonging to the family Palmae were reported to be damaged by O. nipae, of which four genera (Phoenix, Trachycarpus, Livistona, and Wash-ingtonia) belong to the subfamily Coryphoideae, seven genera (Chrysalidocarpus, Roystonea, Archontophoenix, Areca, Elaeis, Cocos, and Syagrus) belong to the subfamily Arecoideae, one genus (Nipa) belongs to the subfamily Nypoideae, and three genera (Raphia, Calamus, and Metroxylon) belong to the subfamily Calamoideae (Maulik 1937 , Steiner 2001 , Sun et al. 2003 , CABI 2006 , Vassiliou et al. 2011 . The main palm species damaged by this beetle include rattan (Calamus manan Miquel) in Malaysia (Steiner 2001) , California fan palm (Washingtonia filifera (Linden ex. André ) H. Wendland) in Hainan, China (Sun et al. 2003) , Chinese windmill palm (Trachycarpus fortunei (Hooker) H. Wendland) and Canary Island date palm (Phoenix canariensis Chabaud) in Fujian, China Weng 2010, Hou et al. 2011) , queen palm (Syagrus romanzoffiana (Chamisso) Glassman) in Cyprus (Vassiliou et al. 2011) . However, the nutritional quality and characteristics of different palm species (e.g., soluble sugar, soluble protein, and free amino acid) can play important role in population increases and outbreaks of insect pests (Xi et al. 2013) . To successfully control this beetle, it is necessary to study its population characteristics on different host plants, including growth rate, stage differentiation, and fecundity. Previous studies (Yu et al. 2009 ) have indicated that the growth, development, fecundity, and longevity of O. nipae vary across different host plants, and that the most favorable host plant for O. nipae is the queen palm S. romanzoffiana. The inßuence of four palm species on the developmental duration, feeding, and reproduction of O. nipae was studied by Xi et al. (2013) , and the main nutrient components in these palm species affecting feeding and reproduction of O. nipae were analyzed. However, there is a lack of experimental life table data regarding the effects of host plants.
The life table is an invaluable tool for analyzing and understanding the effect of host plants on the growth and development, survival, and reproduction of an insect population. However, traditional female agespeciÞc life tables address only the survivorship and fecundity of the female individuals, ignoring stage differentiation and the male population (Chi and Su 2006 , Farhadi et al. 2011 , Ebrahimi et al. 2013 . Because of these shortfalls, Chi and Liu (1985) and Chi (1988) developed the age-stage, two-sex life table theory and corresponding methods for data analysis. The overlap of stages and the two sexes can thus be properly considered (Chi 1988 , Yu et al. 2005 . Age-stage, two-sex life tables are suited for comparing the performance of arthropod pests on different cultivars and can provide standard sets of life history data for measuring the degree of host plant resistance. In this study, the age-stage, two-sex life table was used to compare the demographic characteristics of O. nipae reared on different palm species. At the same time, the survivorship, relative growth rate, fecundity, and intrinsic rate of population increase were used to estimate the level of adaptation of O. nipae to palm species.
Materials and Methods
Insect Colony and Palm Species. The O. nipae colony used for this study was originally collected in September 2007 from Canary Island date palm trees growing in a palm nursery at the Fuqing Entry-Exit Inspection & Quarantine Bureau in Fuqing (25Њ 43.529Ј N, 119Њ 20.855Ј E), Fujian, China, then transferred to a growth chamber and maintained at 25 Ϯ 1ЊC, 80 Ϯ 5% relative humidity, and a photoperiod of 14:10 (L:D) h. Adults of O. nipae were maintained in clean plastic bottles 70 mm in diameter and 105 mm in height (Jiafeng Horticultural Products Co. Ltd., Shanghai, China). As food, adults were given fresh central fronds of Chinese windmill palm. Moistened Þlter paper was placed on the bottom of the bottle and used as a water source for the fronds. The bottle caps were covered with Þne nylon netting for ventilation. The leaves of this palm were replaced daily. To maintain a large breeding population in the laboratory, 10 bottles and Ϸ50 adults in each bottle were used. These growth chambers were placed in the laboratory of the Laboratory of Biological Invasion, Fujian Agriculture and Forestry University (FAFU) in Fujian, China. To maintain genetic diversity, O. nipae adults were collected from the Þeld and added to the laboratory colony every 6 mo.
This experiment used Þve test palm species, such as the Chinese windmill palm, the Canary Island date palm, the Chinese fan palm (Livistona chinensis R. Brown), the pygmy date palm (Phoenix roebelenii OÕ Brien), and the Majestic palm (Ravenea rivularis Jumelle & Perrier). These palm species were selected for their importance as garden and landscape plants in Fujian and south China and because they have been associated with O. nipae. All palm materials used in this experiment (central leaves) were grown under natural conditions without any pesticides and were collected from the campus of FAFU.
Before the experiments began, the beetles were reared on the respective host palms (Chinese windmill palm, Canary Island date palm, and pygmy date palm) for a whole generation (from eggs to adult emergence) in a growth chamber with the above conditions. Paired O. nipae adults were obtained from Chinese windmill palm, Canary Island date palm, and pygmy date palm and kept in individual plastic bottles (as above). Afterwards, Ϸ30 bottles, each containing O. nipae pairs and two pieces of fresh central fronds (Ϸ50 mm in length) from each palm species, were prepared and kept in a growth chamber for the collection of eggs for the life table study. The second generationÕs eggs of these colonies in three different host palm species were used for the life female) laid within a 24-h period were collected from the above host populations, individually placed in bottles with two pieces of corresponding palm central fronds, and kept in growth chambers in the same conditions under which they were laid. These eggs were of approximately the same age and weight. Each egg was examined daily for hatching, and the number of emerged larvae and the development duration (d) of each individual egg were also recorded daily.
The newly hatched larvae were individually transferred to new bottles with two pieces of the corresponding fresh palm central fronds for individual rearing. The individual larvae in each bottle were observed daily for molting and survivorship until pupation or death. Exuviae from larvae molting in bottles were used for instar discrimination. The palm leaves in each bottle were replaced every day. When the larvae entered the prepupal stage, each pupa was weighed and kept in an individual plastic bottle. The development and survival of each individual pupa were observed until emergence or death.
Females and males of the emerged adults were then paired and kept in individual rearing bottles. Two pieces of palm central fronds were supplied daily to each pair for feeding and oviposition. Each day, the survival of each individual beetle and the eggs laid by each female were checked until the death of all individuals, and the number of eggs laid by each female at different ages was tracked separately to record the hatch rates.
Life Table and Data Analysis. The raw life history data for O. nipae on different palm species were analyzed based on the age-stage, two-sex life table theory described by Chi (1988) using a user-friendly computer program TWOSEX-MSChart. This program is available at http://140.120.197.173/Ecology/Download/Twosex-MSChart.zip. The parameters calculated for O. nipae were as follows: 1) the mean developmental period for each stage of development, 2) the longevities of males and females, 3) the adult preoviposition period (APOP) based on the adult age, 4) the total preoviposition period (TPOP) including the preadult age, and 5) the female fecundity. Life table parameters were calculated with the above program, including age-stage-speciÞc survival rate (s xj , where x is age and j is stage), age-stage speciÞc fecundity (f xj ), age-speciÞc survival rates (l x ), age-speciÞc fecundity (m x ), intrinsic rate of increase (r), Þnite rate of increase (), net reproductive rate (R 0 ), mean generation time (T), and age-stage life expectancy (v xj ). The s xj , f xj , l x , and m x were calculated from the daily records of the survival and fecundity of all individuals in the cohort, and the f xj was calculated from the numbers of hatched eggs to more accurately represent the biological characteristics of O. nipae. The means of the developmental periods for each preadult stage, the adult longevity, preoviposition period, and the female fecundity of O. nipae reared on three host palm species are given in Table 1 . There were no signiÞcant differences in the duration of the egg stage or of the third-and fourth-instar stages of O. nipae reared on Chinese windmill palm, Canary Island date palm, and pygmy date palm as tested by ANOVA. However, signiÞcant differences in the Þrst and the second instar, total larval duration, and pupal period were found among O. nipae reared on the above three host palm species. Host palm species had a signiÞcant impact on the development time from egg to adult (P Ͻ 0.001; Table 1 ). The average preadult development period (eggÐadult) was longest for the cohort reared on pygmy date palm (49.8 d), and the shortest period was recorded on Chinese windmill palm (42.1 d). The pupal weight of O. nipae reared on Chinese windmill palm was signiÞcantly heavier than of those reared on Canary Island date palm or pygmy date palm (P Ͻ 0.0001; Table 1) .
Although there was a signiÞcant difference between male and female total development period for beetles reared on Chinese windmill palm and pygmy date palm (t ϭ 3.03; P ϭ 0.005; and t ϭ 3.36; P ϭ 0.003, respectively), no signiÞcant differences between male and female longevity among beetles reared on the three other palm species were observed. The differences in APOP and TPOP of O. nipae reared on Chinese windmill palm, Canary Island date palm and pygmy date palm were statistically signiÞcant; the cohorts reared on Chinese windmill palm and Canary Island date palm began oviposition 11.1 and 12.6 d earlier than the cohort reared on pygmy date palm, respectively (Table 1 ). The mean number of eggs laid on Chinese windmill palm, Canary Island date palm, and pygmy date palm were 84.2, 109.3, and 91.3 eggs, respectively, but this difference was not statistically signiÞcant.
Age-Specific Survival Rate and Age-specific Fecundity. The s xj of O. nipae on different palm species are plotted in Fig. 1 , showing the probability that a newly laid egg would survive to age x and stage j. In Fig. 1 , overlapping between different stages is obvious because of the variable developmental rates among individuals. The probability that a newly laid egg would survive to the adult stage was 0.618 for females reared on Chinese windmill palm, considerably higher than for those reared on Canary Island date palm and pygmy date palm (0.441 and 0.282 for females, respectively). The probability of survival for males was higher for those reared on pygmy date palm (0.385 for males) than for those reared on Chinese windmill palm (0.235) or Canary Island date palm (0.324).
The mean number of offspring produced by an individual O. nipae of age x and stage j (f x7 , the seventh stage is the female) is shown in Fig. 2 . The parameters of the m x , l x , and age-speciÞc maternity (l x m x ) are also shown in Fig. 2 (Fig. 2) , where the maximum mean daily fecundity was approximately four eggs reared on Canary Island date palm. The statistics l x , m x , and l x m x of O. nipae showed that this beetle can successfully survive and reproduce in these host palm species. These host palm species are widespread in southern China, making this one of the main contributing reasons for the success of O. nipae as a major invasive pest in this region.
Age-Stage Specific Life Expectancy. The age-stage speciÞc life expectancies (e xj ) of O. nipae cohorts reared on three different palm species indicate the total time (lifespan) that an individual of age x and stage j is expected to live (Fig. 3) . The e 01 was 194.0, 162.2, and 168.0 d for beetles reared on Chinese windmill palm, Canary Island date palm, and pygmy date palm, respectively. Because less time was required for development when beetles were reared on Canary Island date palm and pygmy date palm, the life expectancy and lifespan of O. nipae decreased when they were reared on Canary Island date palm and pygmy date palm. The highest life expectancy was observed for beetles reared on pygmy date palm. The life expectancy was calculated using the s xj without assum- (Fig. 4) . The reproductive value of a newborn (v 01 ) is precisely the . The v xj of O. nipae signiÞcantly increases when reproduction begins. For instance, female adults emerged at ages 38, 40, and 47 d when reared on Chinese windmill palm, Canary Island date palm, and pygmy date palm, respectively (Fig. 2) , and the corresponding v xj jumped from 3.7, 3.2, and 5.0 for pupae to 5.0 7.2, and 9.0 for females on that day (Fig. 4) . When an old female no longer produces offspring, the v xj becomes zero. The fecundity curve of female O. nipae reared on Chinese windmill palm stopped at age 300 d (Fig. 2) , and the v xj was zero after age 300 d (Fig. 4) . The peak of v xj occurred earlier for beetles reared on Chinese windmill palm compared with beetles reared on Canary Island date palm or pygmy date palm.
Population Parameters. Table 2 lists the means and SEs of the population parameters that were estimated with the bootstrap technique (Efron and Tibshirani 1993, Huang and . The r, , and T signiÞcantly differed among host palm species (P Ͻ 0.000). The r 
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Development and Fecundity on Different Palm
Species. This study indicated that life history parameters of O. nipae were signiÞcantly inßuenced by different palm species. This beetle could not complete development on Majestic palm, and females did not lay eggs on Chinese fan palm. Those results showed that Majestic palm and Chinese fan palm had adverse effects on the development and reproductive performance of O. nipae. Similarly, the larval instars development is inßuenced by the different host palm spe- cies. In our study, there were four instars for almost all individuals on different palm species, with only 3.2% and 3.6% of larvae on Canary Island date palm and pygmy date palm, respectively, passing through Þve instars. However, there were Þve instars for most individuals (73.1%) on Chinese fan palm. Yu et al. (2009) reported that there are Þve instars for all individuals on S. romanzoffiana, Washingtonia robusta Wendland, and Phoenix dactylifera L.. We did not observe any Þfth instar on Chinese windmill palm. This variability in instar numbers among different host palm species probably occurred because of the different rearing methods and nutritional conditions. O. nipae developmental and survival responses to different host palm species were variable. Those variations may be due to the presence and the appropriate ratio of nutritional and other factors in some of its host palm species (Xi et al. 2013) . Yu et al. (2009) reported that the populations of O. nipae reared on S. romanzoffiana, W. robusta, and P. dactylifera had mean preadult developmental times ranging from 40.2 to 45.0 d. They also showed that parameters such as the survival rate from egg to adult and the mean lifetime fecundity were higher on S. romanzoffiana compared with W. robusta and P. dactylifera, indicating that the most favorable host palm species for O. nipae was S. roman- zoffiana. In this experiment, the preadult mortality of O. nipae reared on pygmy date palm was 33.3% higher than that on Chinese windmill palm (22.5%) or on Canary Island date palm (20.6%). These observations are similar to those reported by Yu et al. (2009) , in which 77.0% of immature individuals survived to adult stages on S. romanzoffiana. There were marked differences in the survival of larvae among host palm species because of differences in early stage mortality. The low survival on pygmy date palm suggests that it is probably unfavorable as a host plant. The early stage mortality of an insect population is a key factor for establishing adult populations.
The pupal weight, which is also an indicator of insect Þtness, was related to fecundity on the various host plants (Table 1) . O. nipae pupal weight for beetles reared on Chinese windmill palm was heavier than for those reared on Canary Island date palm or pygmy date palm; however, the female fecundity from pupae reared on the three palm species was not signiÞcantly different. Li et al. (2007) (Li et al. 2007 ).
The sex ratio of emerged adults may also determine whether the population can adapt to a certain host plant. In the current study, larvae reared on Chinese windmill palm and Canary Island date palm produced signiÞcantly higher percentages of female progeny (74.2 and 55.6%, respectively), whereas on pygmy date palm, the sex ratio was 11:15 (female: male). Yu et al. (2009) reported that the highest sex ratio (female: male) was on W. robusta (2.33:1), and the lowest was on S. romanzoffiana (1.33:1). Further studies are required to test the correlation between sex ratio and other population parameters and thus to reveal the mechanism by which host palm species inßuence the sex ratio of O. nipae.
Age-Stage, Two-Sex Life Table. The results of our study demonstrate that some of the advantages of using the age-stage, two-sex life table theory are in describing demography. In this study, the overlap in the developmental stages of O. nipae resulting from the variation among individuals in developmental rates is represented by the overlapping s xj curves (Fig.  1) . These results show the potential of the age-stage, two-sex life table for revealing the actual pattern of stage differentiation of O. nipae. Similarly, the stage differentiation and overlapping can also be observed in the e xj and v xj curves (Figs. 3 and 4) . The earlier peak of v xj shows that an O. nipae population can increase faster when reared on Chinese windmill palm or Canary Island date palm than when reared on pygmy date palm. The advantages of age-stage, two-sex life tables have been discussed in detail by Chi (1988) , Yu et al. (2005) , Chi and Su (2006) , and Huang and Chi (2012) in comparison with traditional female age-speciÞc life tables (Lewis 1942 , Leslie 1945 , Birch 1948 .
Population Parameters. The differences in these population parameters among the cohorts studied on different palm species resulted from the host plant effects. The O. nipae cohorts that were reared on Chinese windmill palm and Canary Island date palm showed higher intrinsic rates, faster development, higher survivorship, and higher oviposition rates than those reared on pygmy date palm, indicating that these two palm species are presumably more suitable hosts for O. nipae. Yu et al. (2009) stated that the population trend indices (I; Pang 1990) of O. nipae on S. romanzoffiana, W. robusta, and P. dactylifera were 47.14, 5.64, and 6.43, respectively. These authors suggested that this index is strongly inßuenced by the host plants. Their studies indicated that populations of O. nipae fed on S. romanzoffiana had the highest I value increase over the other host plants. High values of I indicate susceptibility of a host plant to insect attacks, while a low value indicates that the host plant species is resistant to attack. Birch (1948) stated that r is perhaps the best single statistic for evaluating the inßuence of ecological factors on population growth. The results for demographic parameters derived from the present investigation indicate that O. nipae has a higher r on Chinese windmill palm or Canary Island date palm compared with pygmy date palm. Our results showed that O. nipae reared on Chinese windmill palm or Canary Island date palm had a shorter preadult duration, a heavier pupal weight (Table 1) , and a higher reproductive performance of female adults compared with individuals reared on pygmy date palm (Figs. 1  and 3 ). These differences primarily resulted from the higher preadult mortality and the delay in reproduction (Figs. 1 and 3) in O. nipae reared on pygmy date palm. These differences are consequently expressed in the signiÞcant differences in r among the three host palm species (Table 2) . Both APOP and TPOP of O. nipae reared on Chinese windmill palm or Canary Island date palm were signiÞcantly shorter than for adults reared on pygmy date palm. In contrast, the r for O. nipae reared on Chinese windmill palm or Canary Island date palm was signiÞcantly higher compared with those reared on pygmy date palm. The shorter TPOP on Chinese windmill palm or Canary Island date palm is, however, consistent with the higher r. To show the effect of the Þrst egg-producing age on the r and the reproductive value, the age at Þrst reproduction should be used.
In our investigation, we found that there is a strong relationship between oviposition preference and larval performance of O. nipae populations reared on the three host palm species. Based on the various life history measurements, O. nipae appeared to be better adapted to develop on Chinese windmill palm or Canary Island date palm than on pygmy date palm. The survivorship and incubation period of O. nipae on Chinese windmill palm or Canary Island date palm, as well as their development times, were all shorter than those on pygmy date palm. The adverse effect of pygmy date palm on beetle life history parameters may suggest that antibiosis is the modality of resistance against this beetle. However, further studies that include examination of the biochemical and morphological characteristics of these palm species that mediate its resistance to beetles must be performed.
